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Abstract 
The unsaturated polyester resin containing 35%, 45%, and 55% of magnesium hydroxide were synthesized with 1, 2-
propylene glycol, phthalic anhydride, maleic anhydride and styrene as the main materials, and their combustion 
performance was investigated. Results showed that the ignites times (tig) of the samples with magnesium hydroxide were 
higher than samples without magnesium hydroxide. Compared to the samples without magnesium hydroxide, the peak heat 
release rate (HRRpeak) of the samples contained 35%, 45% and 55% of magnesium hydroxide decreased by 60.47%, 65.89% 
and 74.99%; total heat release during1200 (THR1200s) reduced by 64.38%, 77.62% and 79.34%; the average specific 
extinction area (SEAav) decreased by11.96%, 58.15% and 89.15%; the average mass loss rate (MLRav) decreased by 
66.12%, 70.25% and 70.25%. The samples with 55% of magnesium hydroxide observed the best flame retardant and smoke 
suppression effects, and the increase of magnesium hydroxide concentration could significantly improve the flame retardant 
performance of the unsaturated polyester resin. 
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
As a kind of polymeric materials, unsaturated polyester resin is widely used in aerospace, building and paint 
industries[1,2]. Unsaturated polyester resin is combustible material, and could produce a lot of heat, smoke and toxic gas 
during its combustion process, so it becomes a potential fire risk. Flame retardant performance is an important index to 
evaluate the performance and application of the polymerization unsaturated polyester resin. Halogen- (especially bromine-) 
and phosphorus- flame retardant agents can be used as flame retardants for unsaturated polyester resin, but considering of 
their costly and environmental safety problems, their application scope is limited. Magnesium hydroxide is an 
environmental friendly inorganic flame retardant[3,4] with multiple flame retardant, low smoke non-toxic characteristics[5,6]. 
Various investigations have been conducted to investigate their performance around the world in recent years[7,8,9].  
In this study, magnesium hydroxide was used as a high filled-type inorganic flame retardant, and different quantities of 
magnesium hydroxide were mixed with the unsaturated polyester resin to enhance the flame retardancy of the polymeric 
material. The influence of magnesium hydroxide concentration in unsaturated polyester resin on the flame retardant 
performance was evaluated, and the best proportion of magnesium hydroxide for flame retardancy was discussed.  
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2. Design of the experiment 
The 1, 2-propylene glycol, phthalic anhydride, maleic anhydride and styrene were used as the main materials to 
synthesize the unsaturated polyester resin. And magnesium hydroxide was used as padding and flame retardant. The 
unsaturated polyester resin and magnesium hydroxide were made into a 100 mm×100 mm×14 mm plate samples, and their 
flame retardant performances were evaluated. 
2.1. The reagent and instrument 
Reagents: 1,2-propylene glycol, purchased from Wenzhou hua qiao chemical reagent Co., LTD; Phthalic anhydride, 
maleic anhydride, purchased from Dongying hai fu chemical Co., LTD.; isocaprylic acid cobalt, methyl ethyl ketone 
peroxide, purchased from Tianjin 2nd chemical reagent; Magnesium hydroxide, purchased from Dalian sainuo hardware 
mineral Co., LTD. 
Instrument: DN-type 1 constant speed agitator, purchased from Gongyi ying yu yu hua instrument factory; AB204-S type 
electronic balance, purchased from the Swiss mettler Toledo company; glass wares. 
2.2. Sample preparation 
Weighted unsaturated polyester synthetic reagent and magnesium hydroxide as protocol, and added magnesium 
hydroxide into the unsaturated polyester resin within three times. The mixture was mixed for 1 h. Added the isocaprylic acid 
cobalt and mixed for five min. Then added methyl ethyl ketone peroxide to the mixture and mixed for 5 min. Loaded the 
mixture to injection moulding for curing. Put it in the room temperature for 12 h, and then dried it at 60ºC for 12 h. The 
samples were polished before measure. 
Different qualities of magnesium hydroxide were added into different samples, and the influence of magnesium 
hydroxide concentration to the flame retardant performance was evaluated. The ratios of magnesium hydroxide added into 
the unsaturated polyester resin were showed in table 1. 
Table 1 Ratios of magnesium hydroxide in the unsaturated polyester resin 
Sample Components Ratio of magnesium hydroxide WT  
 unsaturated polyester resin (UPR) 0% 
 Mg(OH)2&UPR 35% 
 Mg(OH)2&UPR 45% 
 Mg(OH)2& UPR 55% 
2.3. Sample analysis 
The taper Calorimeter (Dual Cone Calorimeter, FTT company in British) was used to analyze the combustion 
performance of the samples. Calibrate instruments were adjusted to meet experimental requirement before measurement: the 
exposing area of samples was 88.4mm2; thermal flow calibration factor of orifice plate(C-factor) was 0.04322; radiation 
intensity of illumination was 35 kw/m2; pipe exhaust gas flow was 0.024 m3 / s. 
The indicators, such as ignites time (tig, s), peak heat release rate (HRRpeak, kW/m2), total heat release during1200 s 
(THR1200s, MJ/m2), the average specific extinction area (SEAav, m2 / kg) and the average mass loss rate (MLRav, g/s) et al. 
were analyzed in this experiment. 
3. Results and Discussions 
3.1. Ignites time 
Ignites time is one of the important indexes to evaluate the fire risk of the materials. The ignites time of samples I-IV 
were 21s, 24s, 146s and 190s respectively (table 2). It indicated that the addition of the magnesium hydroxide could extend 
the ignites time of the materials, and ignites time of the materials significantly increased with the enhancement of 
magnesium hydroxide concentration. 
Table 2 Effect on burning behavior of UPR samples with different ratio of magnesium hydroxide 
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Sample 
tig 
s  
HRRpeak 
kW/m2  
THR1200s 
MJ/m2  
MLRav 
g/s  
SEAav 
m²/kg  
 21 436.86 320.48 0.121 955.18 
 24 172.67 114.46 0.041 840.92 
 146 149.01 72.08 0.036 399.75 
 190 109.26 66.20 0.036 103.63 
3.2. Heat release rate and total heat release quantity of combustion 
Peak heat release rate is a key parameter of material in combustion performance evaluation. The equation of Mg (OH) 2 
thermal decomposition is as follow: Mg(OH)2 =MgO +H2O 
The steam produced during the thermal decomposition process could cover the flame, drive the nitrogen, dilute 
flammable gas, and form a layer of adiabatic material on the interface of the flame and plastic material to prevent flammable 
gas from flowing and prevent the fire from spreading. The products of the thermal decomposition are non-toxic, and the 
MgO could neutralize acidic and corrosive gas (SO2, NO2 gas CO2) quickly owing to its alkaline character[10]. According to 
the table 2, the peak heat release rate (HRRpeak) of the sample I was 436.86 kW/m2, and the HRRpeak of II-IV decreased by 
60.47%, 65.89% and 74.99% respectively. Magnesium hydroxide could effectively reduce the HRRpeak of the samples, and 
the samples with higher concentration of the magnesium hydroxide could get a better heat suppress effect during 
combustion. 
According to fig. 1, the HRRpeak decreased and appearance time increased in the order of I, II, III, IV. The flame retardant 
mechanism of magnesium hydroxide in the polymer was investigated by analyzing the dynamic process of magnesium 
hydroxide dehydration, heat transfer performance of the remainder of combustion and crystal morphology of magnesium 
hydroxide[6,11]. We could conclude that the increase of the content of magnesium hydroxide increased the release of the 
decomposition produced crystal water, and diluted the combustible gas around it polymer[12]. The thickness of the 
magnesium oxide layer generated by decomposition increased, and finally enhanced the heat insulation effects of the 
samples. The heat release rate of the sample I-III reduced over time after it reached the peak value (table 1). The HRR of 
sample III was higher than sample IV during the 0-800s, but after 800s the HRR of sample IV increased gradually and 
finally exceeded sample III. After 700 s, surface of sample IV stratified, and about 2 mm thickness flake layer in the center 
of the sample separated with the subject of the sample. The results showed that the material contained 55% of magnesium 
hydroxide had larger surface polarity and stronger particles aggregate ability, and its dispersion and compatibility in organic 
materials was poorer in compare with other samples[13]. The compatibility between magnesium hydroxide and unsaturated 
polyester was reduced, so magnesium oxide layer falls off in high temperature condition, and the heat release rate increased.  
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Figure 1 HRR curves of samples 
The THR1200S of the sample I was 320.48MJ/m2, and the THR1200S of the sample II-IV decreased by 64.38%, 77.62%, 
79.34% respectively (Table 2). The increase tendency of the THR of sample I-III slowed down after 300s for samples I - III, 
but sample IV displayed a steeper THR curve after 800s, and the distance between sample III and IV became smaller (Fig. 
2). It indicated that during this period the heat release rate of sample IV increased, which consisted with the HRR curve of 
the samples in fig. 1. 
 
Figure 2 THR curves of samples 
3.3. Release mounts of the smoke 
The average extinction area (SEAav) of samples reflected the smoke concentration when burning materials, and the SEAav 
of samples II-IV were 11.96%, 58.15% and 89.15% lower than sample I respectively. The unsaturated polyester production 
smoke suppression effect was not satisfied when magnesium hydroxide concentration was 35%. The sample IV observed 
the best suppressing smoke effect, and its SEAav value was only 10.85% of the sample I, indicating that the increasing 
concentration effectively reduced the smoke concentration. Magnesium hydroxide had a good thermal stability, and the 
decomposition temperature ranged from 340 ºC to 490 ºC[14]. Its flame retardant function mainly happened in the interval of 
solid phase decomposition in solid degradation area[15]. It could reduce fuel production, but its effect on precombustion and 
combustion zone was limited. The complete combustion of the fuel was not affected, so the smoke emission was reduced. In 
addition, decomposing process only released steam, and the combustion productions on the outermost layer could also dilute 
and absorb part of the smoke, therefore, the magnesium hydroxide observed a remarkable effect on suppressing smoke 
emission. Magnesium hydroxide had a strong carbonized effect, and the carbonization amount was large, so it could 
increase the flame retardant efficiency of materials, and reduced the production of smoke. The magnesium oxide generated 
during the decomposition could promote the formation carbonized layers on the surface, and could improve the ability of 
polymer materials flame resistance[16]. This was the key reason why inorganic flame retardant was considered as 
environment friendly fire retardant agents overwhelming the other flame retardants. 
3.4. Mass loss rate 
Table 2 showed that the average mass loss rate (MLRav) of sample I was 0.121 g/s, while that of sample II-IV decreased 
by 66.12%, 70.25% and 70.25% respectively. Figure 2 showed the mass loss curve of the samples during 0s -1200 s, and the 
MLR of samples I is much higher than other samples. Magnesium hydroxide obtained their highest thermal decomposition 
speed at 430ºC. The thermal decomposition stopped at 490 ºC, and the total decomposition heat was about 44.8 kJ/mol[17]. 
In addition to the absorption of heat during the decomposition process to reduce the combustible production, the oxidation 
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layer formed during the decomposition process also had heat insulation and flame retarding function, which enabled 
magnesium hydroxide to reduce the MLR of samples during the whole burning process.  
 
 
Figure 3 MLR curves of samples  
According to the figure 2 (c) and (d), the mass loss rates of sample III and IV were relatively lower, and this was mainly 
due to the increase of the magnesium hydroxide concentration. However, the curve tendency of the figure 3 (c) and (d) was 
different: the higher peaks of MLR curve of the sample III were mainly found in the first 300 s, with the maximum of 0.515 
g/s, which was far higher than that of sample IV (0.143 g/s). After 300 s, no high peak of the MLR curve was observed in 
sample III, and average value was lower than sample IV. Figure 2 (d) showed that the MLR peak mainly distributed in the 
100 s - 400 s and 800 s -1200 s for sample IV, while the minimum MLR peak was observed in 400 s - 800 s. The irregular 
shape of lamellar crystal or amorphous crystal could gather to form second particle size, and could produce interspaces 
between the magnesium hydroxide and the polymer materials interface, which would prevent the polymer dispersion[18]. The 
concentration of magnesium hydroxide in sample IV was higher than sample III, although mass loss rate of sample IV was 
higher than sample III at the beginning of this experiment. However, the higher flame retardant additives lead to lower 
material compatibility, affected material mechanical properties and caused the stratification phenomenon during burning, so 
mass loss rate fluctuated during the whole experiment, and finally hindered the improvement of flame retardant 
performance. 
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4. Conclusion 
In this investigation, magnesium hydroxide was used as flame retardant and added it to the unsaturated polyester resin. 
The combustion performances of samples with different magnesium hydroxide concentration were compared. The results 
showed that the ignites time increased with the increase of magnesium hydroxide concentration in samples: compared to the 
samples without magnesium hydroxide, the HRRpeak of the samples contained 35%, 45% and 55% of magnesium hydroxide 
was decreased by 60.47%, 65.89% and 74.99%, while SEAav decreased by11.96%, 58.15% and 89.15% respectively. 
MLRav are also significantly reduced. The sample with 55% of magnesium hydroxide flame retardant displayed the best 
smoke suppression effect, and material flame retardant properties were increased with the enhancement of the flame 
retardant content. But when magnesium hydroxide content reached 55%, and material compatibility reduce, which prevent 
flame retardant property from improving. This indicated that the appropriate concentration of magnesium hydroxide 
concentration could increase the flame retardant property. Moreover, manufacturing of magnesium hydroxide with easily 
changeable size and changing the surface area could be an important way to increase their flame retardant property. 
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